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L Title of Project and Principal Investigator

The California Central Coast Research Partnership: Building Relationships, Partnerships
and Paradigms for University-Industry Research Collaboration; Susan C. Opava, Ph.D.

II.  Summary of Project

The mission of the California Central Coast Research Partnership (C3RP) is to facilitate
the exchange of technical knowledge and skills between the higher education sector and
the private sector in San Luis Obispo County, and to encourage the growth of high-tech
companies in the region, thereby enhancing economic development and quality of life.
Since its inception, the project has focused on technologies of relevance to the
Department of Defense. The partnership is a long-term plan to create a dynamic and self-
supporting university-industry-government partnership that capitalizes on the strengths
and mutual interests of the educational and technology-based business sectors. The plan
recognizes the key role of higher education in preparing a highly skilled workforce and
transferring new knowledge to practical uses. The ongoing outcomes of this partnership
include a robust and self-sustaining base of University R&D activities; sustenance and
growth of existing technology-based businesses and the creation of new ones; and
opportunities for job-training and research and development activities for University and
Community College students and faculty.

The project has already resulted in the construction (with non-DOD funding) and launch
of the Cal Poly Technology Park on the University campus. This facility provides state-
of-the-art space for private technology companies engaged in research and development
activities, as well as a business incubator for start-up, technology-based companies. The
aspect of the program supported by the ONR grant that this report covers was the
continued development of a strong base of applied research at Cal Poly, through
university-government-industry partnerships designed to optimize the application of the
strengths of each of these sectors to problems of mutual interest. The management team,
operational since January "02, continues to lead the project and develop the collaborative
relationships between the educational and private sectors that are essential to realizing
long-term goals and securing the financial base that will allow full-scale project
development.

II1. Relevance to ONR Objectives

A. Relevant partners.

C’RP represents a coalition of educational institutions, local, state and federal
government, and private businesses that have worked together in unprecedented fashion
to advance the common goals inherent in this university-industry partnership. The current
partners in the project and their contributions include:
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California Polytechnic State University
o committed the land for the Technology Park construction project,
valued at ~$1.5 million
o provided assistance in financial management of the project
o contributed $90,000 for a pre-feasibility study by Bechtel
Corporation
o committed several hundred thousand dollars of in-kind
contributions of senior management time and effort over several
years and continues to do so
o invested ~$1,000,000 in efforts to raise additional funds for the
project; secured sufficient private and other federal funding
(Economic Development Administration and Housing and Urban
Development) to construct the first building in the Cal Poly
Technology Park
CENIC (Corporation for Educational Network Initiatives in California;
association of Internet2 universities in CA)
o works with Cal Poly to provide high-bandwidth internet access to
support C’RP research projects
City of San Luis Obispo
o in partnership with Cal Poly developed a carrier-neutral, fiberoptic
ring around the city that benefits both Cal Poly and technology-
based businesses
Housing and Urban Development
o provided funds toward construction of the pilot technology park
building.
Economic Development Administration
o provided funds toward construction of the pilot technology park
building and development of the incubator space in the building.

Efforts are ongoing to secure new industry partners, including:
= Major corporations
= Small technology-based businesses

B. Relevant R&D focus.

The research programs that were supported are relevant to seven of the eight “thrust
areas” of ONR’s Code 30 Science and Technology Program. The projects involved basic
research in these areas, as well as applied research and development leading to more
immediate technological applications. The seven areas of relevance and the more specific
focus areas to which the research contributed are listed below:

Command, Control, Computers and Communication (C4): situational awareness;
communications; knowledge management; autonomous systems; data acquisition;
reconnaissance.
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Force Protection: seismic analysis and design; new materials; emergency response
shelters; autonomous robots; path-following algorithms and performance optimization;
feature selection and boosted classification algorithms for human detection.

Human Social, Cultural and Behavioral Sciences:

Human Performance, Training and Education: cognitive performance cnhancement;
physical performance enhancement; sensors; biological stress reactions; biomarkers;
injury repair; improved materials and processes for use on military bases and in the field.

Intelligence, Surveillance and Reconnaissance: data acquisition; sensors; autonomous
vehicles; imaging technologies.

Logistics: alternative energy sources; cold-chain packaging and logistics; new
technologies and materials.

Maneuver: advanced design and materials for vehicles.
C. University-industry-government partnership.

The primary focus of this long-term initiative is to forge a strong link between private
sector R&D and University applied research to speed the development of new knowledge
and the transfer of technology to the public and private sectors. San Luis Obispo has
become a draw for technology businesses (with a heavy concentration of software
development companies) from both the LA Basin and Silicon Vallcy. For example, SRI
(Stanford Research Institute), International operates a "software center of excellence" in
the city. Lockheed-Martin has a research and development group in nearby Santa Maria,
and EADS-North America recently established a research and development operation on
the campus of Cal Poly, affiliated with C3RP and the Cal Poly Technology Park
programs. Two local companies manufactured critical components for the Mars rovers,
and other companies, e.g. California Fine Wire, Aeromech, and CDM Technologies are
suppliers to the military. Also located on the Central Coast are branches of two major
biotechnology companies: Promega Biosciences and Santa Cruz Biotechnology.

D. University strengths.

Cal Poly is a State university that has achieved national distinction as a polytechnic
university, with engineering and computer science programs ranked among the very best
undergraduate programs in the country. Its strengths have led it to orchestrate the
research partnership effort and the consortium of partners described herein. Cal Poly also
has affiliations with CSA (California Space Authority) and with Vandenberg Air Force
Base, where it recently participated in the Glory Mission. In the past, Cal Poly offered an
MS in Aerospace Engineering at Vandenberg through distance learning and has the
capability to offer other academic programs in remote locations. In particular, through
possible collaborative agreements at cable-head locations around the world (including
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Asia and Europe) our programs could be made available to military personnel stationed
almost anywhere in the world.

In recent years the University has been hiring more research-oriented faculty and
promoting applied research and development. With as many as 50-60 new faculty hires
per year over several years, the University is positioned to undertake significant R&D
projects for government and industry. C’RP has provided needed support and
infrastructure for many of these faculty, which has enabled them to develop ongoing
research programs. Since 7/1/02 faculty who received research support through C’RP
have secured >$7.1 of competitive funding for each $1 of C’RP funding invested in
them.

Cal Poly also has a highly qualified student body with entering credentials comparable to
students who attend the highest ranked campuses of the University of California. Our
students gain valuable experience working with faculty on externally sponsored research
projects.

A hallmark of Cal Poly is its extensive network of industry partners. The President’s
Cabinet consists of more than 30 major corporate and business leaders. Each college, and
each department within the college, has its own industrial advisory board. Until recently
these connections were not exploited to attract industry-sponsored R&D to campus;
hence, one of the goals of the C*RP partnership is to use these existing relationships with
industry to garner support for our R&D efforts. Cal Poly’s College of Agriculture, Food
and Environmental Science has successfully demonstrated this kind of partnership
through its Agricultural Research Initiative. Through this initiative, a consortium of four
campuses in the CSU garnered $5 million a year in on-going funding from the State of
California to support agricultural research of interest to the State, with a pledge to raise
matching funds from industry. This State and private funding has leveraged additional
support from the federal government. Similar new CSU-wide initiatives include the
Council on Ocean Affairs, Science and Technology (http://www .calstate.edu/coast) and
the Water Resources and Policy Initiatives.

As will be seen in the remainder of this report, Cal Poly has extraordinary
interdisciplinary technical assets that can be brought to bear on the science and
technology issues of importance to ONR.

In summary, the California Central Coast Research Partnership has taken advantage of a
confluence of factors, including existing and potential relationships, fortuitous
technological and economic developments in the region, and a meshing of the research
and development interests of the University, the Office of Naval Research, and the
private sector. C’RP is the vehicle for fully realizing the benefits of the common goals
and synergies of the partners and their respective resources.
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IV. Summary of Results During the Period of Performance

A. General.

The C*RP program was originally funded through an award from ONR in FY ’02. This
report covers an award that began on 01/01/2011 and ended on 12/31/2012. General
accomplishments are summarized below. Detailed reports are presented later in the
document. An overview of accomplishments during this project period follows:

e Research carried out by the CADRC (Cooperative Agent Design Research
Center), of particular interest to ONR and the Marine Corps, was again funded. A
detailed report on this project is provided in Section 1V.C.I of this report.

e New research has been developed and some research has been continued,
including projects with industry collaboration. Projects addressed topics highly
relevant to defense and national security, such as data acquisition, imaging and
analysis, energy efficiency, communications, command and control,
reconnaissance, autonomous vehicles, sensors, robotics, logistics and human
performance. Detailed reports of the results of these projects are presented in
Section 1V.C.2 of this report.

e From July 1, 2002 to December 31, 2013 C*RP-supported faculty received
~$71million in competitive funding from other sources.

o New research capacity was developed, including new instrumentation and
enhanced infrastructure (detailed below in Section 1V.B).

¢ Information technology infrastructure support was provided. Internet2
connectivity was initially acquired for the campus in November 2001, to support
current and future research efforts. Internet2 membership and connectivity has
continued during this grant period.

e A database of >85 technology-based companies that are potential partners in
the project and potential research collaborators has been updated. A series of on-
campus research forums initiated in 2007 was continued. Companies were invited
to campus three times each year to learn about specific University research
projects and identify potential areas for collaboration (see Appendix A for
examples of forum topics). Several collaborative relationships have developed
from these interactions.

e  The first research and development company to be located on campus in
anticipation of the construction of the pilot building for the technology park
continues to flourish in the campus environment and has developed research
collaborations with faculty in several different disciplines and colleges. These
have resulted in federal research grants (USDA and N1H).The company, Applied
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Biotechnology Institute, Inc., specializes in the use of genetically modified plants
to produce non-food products, for example, industrial enzymes, biochemical
reagents and oral vaccines. The presence of the company has spurred faculty to
develop research in this area and a specialized research greenhouse supports this
developing work. Applied Biotechnology Institute has relocated to the new
Technology Park (see below).

e Cooperative relationships have been established or renewed with technology
companies that are potential research collaborators, including: Arroyo Instruments
(LED technology), Avaxia Biologics, Inc. (biotechnology) , Biolargo
(biotechnology) , C3 Group (agricultural technologies) Cascade Designs (water
treatment), Cerulean Pharmaceutical (animal science), Chandler-May (aerospace),
Clorox (consumer products), Cree (LED technology) DayOne Response Inc.
(water treatment), Digital West (information technology), EADS & EADS-North
America (aerospace, Electricore (technology consortium), , Godiva (packaging
technology), Freedom Photonics (communication technologies) Hardy
Diagnostics (medical devices), InfoGard (security systems), InfoHealthNetwork
(medical devices) Lansmont Corporation (force protection) , Maersk (shipping
containers), MicroBioEngineering (algae production), Monsanto (agriculture)
OneSys (software), Phillips (lighting), , , Rouch Engineering (underwater
vehicles), SeeSmart (LED technology), Specialty Silicon Fabricators (medical
devices), Vetel Diagnostics (medical diagnostics), Zodiac Aerospace (aerospace).

e Efforts continue to develop industry partners in the area of alternative energy
and energy cfficiency for the purpose of developing research in this field. Jim
Dunning, Project Manager, currently serves on a 9-member board of directors for
the Green Coast Alliance, a coalition representing Ventura, Santa Barbara, San
Luis Obispo, and Monterey Counties. The alliance was formed to create a
framework for innovation, entrepreneurship, economic and workforce
development around “green technologies”. Through this coalition Mr. Dunning
will identify opportunities for collaboration between Cal Poly and
business/industry in this important market segment by acting as the interface
between the university and interested collaborators. Board membership includes
representatives from the Institute for Energy Efficiency, UCSB; Ventura County
Economic Development Association; the Community Environmental Council;
Pacific Coast Business Times; California Central Coast Research Partnership, Cal
Poly; California Lutheran University; Monterey County Business Council; and
private businesses.

e The project’s leaders have continued to work with other private and government
partners to attract research collaborators and support, including the Institute for
Energy Efficiency and the Mechanical Engineering Department at the University
of California, Santa Barbara, and the Naval Facilities Engineering Command at
Port Hueneme.
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¢ During this project period, the Technology Park construction was completed and
100% of the space was developed, leased and occupied by 11 private companies,
two of which were founded by Cal Poly faculty. Criteria for tenant selection
include significant R&D activity in areas that complement Cal Poly’s research
strengths and a commitment to collaboration with faculty. The following list
describes the companies currently in the Technology park:

1. Applied Technology Associates - designs, builds, and manufactures oil-
industry technology products;

2. Applied Biotechnology Institute - specializes in plant biotechnology,
with extensive experience in products targeted for industrial uses, animal
and human health and crop-improvement markets;

3. Couto Solutions - specializcs in custom design of social networks for
entcrprise solutions;

4. V Laboratories - dclivers innovative package design, market & supply

chain expertise and cutting edge contaminant/composition analysis

techniques.

Platinum Performance - is a feading provider of nutritional supplements

and health education products with particular focus on equine health:

6. HT Harvey & Associates - is an ecological consulting firm with an over
40 year tradition of mixing pure research, applied research and ecological
consulting;

7. Linkpendium (Incubator) - is a genealogical web-based startup company
that already indexes more than 10,000,000 sources of genealogical
information.

8. Seven Pinnacles (Incubator) - provides design services for embedded and
mobile platforms

9. Mentor eData (Incubator) - a technology company formed to improvce
driver performance and safety utilizing cost-effective data capture
hardware, sophisticated. and patent-pending analysis techniques.

10. Software Inventions (Incubator) — is a custom software solution provider

I1. Exploration Sciences (Incubator) - is a Colorado Nonprofit Corporation,
created in 2005 to help advance the application of technology to improve
both the scientific exploration of Earth, Oceans and Spacc and the public's
understanding of these activities.

jo))

B. Development of new research capacity
One of the goals of the project was to increase the capacity of the organization to carry

out state-of-the-art research in the areas of interest. To this end, specialized
instrumentation was acquired and infrastructure was developed, as detailed below.
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1. Instrumentation.

Major Instrumentation

Over the last several years Cal Poly has been building the analytical capability to do
both molecular identification and microscopic structural analysis, applied to a range of
research areas in physics, chemistry, biochemistry, biology, biomedical engineering and
materials engineering. Molecular identification is an area that has recently evolved from
individual component purification and identification to complex mixture handling and de-
convolution. It is now possible to analyze a mixture of peptides, and determine their
identity given the accurate determination of their mass, as well as to identify small
molecules or monomer components in polymers. The second area, structural analysis, is
heavily dependent on novel technologies such as atomic force microscopy and different
optical microscopes based on fluorescence and laser technology. These technologies
provide the capability to query the structure of most organic and inorganic structures.

Instrumentation previously acquired to support research in these two areas is listed
below. These instruments have supported various research projects in the C’RP program.

Molecular identification and proteomics:
o Typhoon Variable Mode Scanner and Imager - allows the selection of single spots
in 2D gels for latter MS identification.
o HPLC-MS/MS (Chip) - allows the identification of many peptides for proteomics,
as well as small molecules or monomer components in polymers.

Structural analysis:
o Atomic Force Microscope
o Laser Scanning Confocal Microscope

During this grant period we provided on-going repair and maintenance of the above
referenced instrumentation, as well as the upgrades described below.

Multi-photon laser system. This year, our analytical capability was augmented by the
addition of upgrades to the multi-photon laser system, a component of the Olympus
Laser Scanning Confocal Microscope (LSCM). The existing Olympus FV1000 confocal
and multi-photon laser scanning microscope, funded by prior ONR grants to C3RP, was
upgraded to greatly increase the sensitivity of the imaging system and allow for upright
imaging capabilities by the addition of external detectors and an objective-inverter
system.

The prior multi-photon system allowed for detection of fluorescent dyes but did not have
the necessary sensitivity for detection of auto-fluorescence or low fluorescence
concentrations. To allow for this imaging, the system was upgraded with the addition of
non-descanned detectors. Non-descanned detectors are a critical component of multi-
photon imaging. As a technique providing intrinsic optical sectioning, multi-photon
imaging does not require photons to be "de-scanned", that is, passed back through the
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scanning mirrors and pinhole of the scanning system. Placement of non-descanned
detectors closer to the specimen and avoiding the scan-head components provides a
dramatic increase in sensitivity of detection and is a standard capability in multi-photon
imaging systems. While our current system had the capability of detecting multi-photon
emission signals using the main confocal scan-head, in order to fully utilize the
capabilities inherent in multi-photon microscopy, including less photo-bleaching and
photo-toxicity, an external detector unit was added to our existing FV1000 MPE system.
This provided us with the capability to image deeper into thick specimens with less
photo-bleaching and phototoxicity.

In addition we upgraded the system to allow for both upright and inverted microscope
imaging. Previously only inverted imaging was allowed. The upgrade added the
capability to do whole- animal imaging, which needs to be performed on an upright
microscope due to clearance issues and other experimental constraints. Also, the imaging
of opaque samples (e.g. whole tissues, wafers, semiconductor materials, etc.) is best
performed on an upright system. The upright orientation allows for viewing of the entire
specimen area without obstruction from the microscope body. Rather than purchasing an
entirely new upright microscope, we upgraded our existing system with an objective
inverter adapter added on to the existing objective turret of the multi-photon microscope.
This effectively converts the microscope objective from an inverted position to an upright
one.

Other Instrumentation

Other research instruments/equipment acquired during this grant period is listed below.
Minor instrumentation, acquired for use on individual projects, is described in the reports
for those projects.

Marine Science — One of the most productive applied research groups at Cal Poly is the
Marine Science Group. Cal Poly's Center for Coastal Marine Sciences provides students,
faculty and staff with the tools needed to complete their research and education goals.
Marine Operations maintains the Cal Poly pier, flowing seawater system, and oversees
the Scientific Boating and Scientific Diving Programs, in support of the Center for
Coastal Marine Sciences. Through the Scientific Boating Program faculty and researchers
have a means of conducting research throughout the nearshore waters of Central and
Southern California. During this reporting period Cal Poly augmented the research
capability of the Marine Science Group with the purchase of a new research vessel, a 26’
deep V mono hull manufactured by Radon Commercial Boats in Goleta, California.

The vessel enables the launching and retrieving of remotely operated vehicles,
autonomous underwater vehicles, and gliders, and supports diving teams that are required
on such missions. The vessel also adds critical capacity to reach coastal and offshore
locations, especially in inclement weather, high winds, and large swells common on the
Central Coast of California. The vessel is customized for research activities with features
including: diving gate, configured to accept both davit and A-frame attachments, pick
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points on the boat used to deploy the vessel with a crane from the pier, and navigation
electronics (d-GPS plotter, Fathometer, Radar, VHF radio, Autopilot).

Micro Systems Technology Research Group. Many multidisciplinary projects are
supported by the Microfabrication Lab, a 1,500 ft2, Class-1,000 clean room with a
complete set of microfabrication equipment for processing 100mm-size wafers.
Equipment for depositing, patterning and etching thin films is available, including: dual-
cathode RF/DC sputtering; Thermco Mini-Brute furnaces for oxidation & diffusion;
Cannon PLA-501FA mask aligner; Laurel spin-coaters; AGS Plasma S17 RIE plasma
etcher; wet benches for etching and spin rinse Ambios XP-1 profilometer; Signatone 4-pt
probes and prober; Filmetrics F20 reflectometer; FEI Quanta SEM-EDS; Nicolet FTIR;
Asylum MFP-3D AFM; Nanosurf STM; Siemens XRD; Innov-X XRF; and the shared
Olympus confocal microscope, described above. This year we supported the following
two purchases for the Micro Systems Technology Research Group:

e A physical vapor deposition system was purchased and now resides
within the Microfabrication Laboratory and provides the ability to deposit
thin metal films including NiTi, Cr, Al, NiV, Au, ZnO, and Ti, which are
critical layers for fabricating micro scale devices.

e A new probe station was procured that will enable researches to make
electrical contacts to microscale structures on devices. Actuation and
sensing signals can be sent/received to MEMS devices thru these contacts
which enable signal analysis to be performed as part of device
characterization.

This new instrumentation, along with existing, supports on-going joint research being
conducted by Cal Poly and partners on a number of projects, some of which are
summarized below:

e Solid State Lighting: White light LEDs
o Integration of QDs into PDMS layers that yield white light LEDs
e Solar Cell Arrays
o Array of micro size solar cells that can serve to power sensors
¢  Quantum Dots
o Characterization of reactions to form CdSe QDs as bio-tags for
cancer cells
o Design & fabrication of QD chip for synthesizing QDs on the
microliter level
o MEMS Sensors & Actuators
o Fabrication of microfluidic lab-on-a chip-devices
o ZnO based piezoelectric speaker for hearing aids
o Design and fabrication of electrostatically actuated optical switch
o Artificial Muscle Project: dielectric electro-active polymer
(PDMS)
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Biofuels. Cal Poly purchased three major pieces of equipment to support biofuels
research campus-wide. The instruments are housed in the Civil and Environmental
Engineering Department where extensive research is done on algae biofuels and
anaerobic digestion of various wastes substrates. Other departments planning to use this
new equipment are Chemistry, Dairy Science, and Biological Sciences.

Anaerobic digestion breaks down organic wastes into methane and carbon dioxide and is
an important research and development topic for renewable energy production and
greenhouse gas emissions reduction. Gas Chromatograph. The purchase of the Trace
1300 gas chromatograph from ThermoFisher allows for analysis of the constituents in
biogas. It can measure hydrogen, nitrogen, oxygen, methane, carbon dioxide, hydrogen
sulfide, and nitrous oxide. For biogas analysis the determination of hydrogen, methane,
and carbon dioxide are important for determining biogas yields and digester
productivity. Hydrogen sulfide is an important natural contaminant of biogas that can
corrode biogas generators, and determining the concentration is important to determining
what biogas per-treatment devices may be needed before combustion in an engine
generator or boiler. As the primary atmospheric gases, oxygen or nitrogen in the biogas
can indicate significant leaks in an anaerobic system. As a powerful greenhouse gas, the
determination of nitrous oxide emissions from aerobic treatment systems can be an
important factor in determining net positive or negative effect on greenhouse gas
emissions for that treatment system. The Trace 1300 is pictured below:

Solvent Extractor & Lyophilizer. For liquid biofuel research, two important pieces of
equipment have been purchased: a Dionex ASE 350 automated solvent extractor and
Labconco FreeZone 2.5 lyophilizer. These items can serve a multitude of research
purposes at Cal Poly, but they go a long way toward expanding biofuel development
capabilities in particular. The ASE 350 rapidly extracts oil samples from a wide variety
of plant and other materials. Assessing oil production is critical in biofuels and by
speeding oil extractions to a fraction of the time required to extract by hand, the ASE will
allow Cal Poly researchers to screen many more samples. The consistency of automated
extraction means that not only will the ASE increase the volume of data produced, it will
improve the quality of the data as well. The ASE is pictured below:
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The Labconco FreeZone 2.5 is a lyophilizer used for freeze drying sample materials.
Removing water from samples is a requirement of many assays including many types of
lipid analysis, protein analysis, genetic analysis, etc. For example, algae biomass
samples to be analyzed in the ASE, above, will first be freeze dried in the FreeZone unit.
When samples are dried at very low temperatures, heat degradation is eliminated,
improving the quality of the data and in many cases, preserving crucial analytes. Freeze
dried samples can also be stored and transported much more easily than untreated
samples. This means that Cal Poly researchers can store samples without fear of reduced
data fidelity, and they can also exchange preserved samples with other research
organizations, further increasing the number of analyses available for use and expanding
opportunities for collaboration. The base unit of the FreeZone system is pictured below:

]

e

Together these three major equipment purchases have greatly expanded Cal Poly’s
research capabilities in the area of biofuel and other research areas.
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2. Infrastructure.

Details are provided in Section 1V.C.2.

C. Detailed research reports

The remainder of this report contains detailed individual reports of the technical results of
the research projects carried out during this project period. They are presented in the
following order:

1. Collaborative Agent Design Research Center (CADRC) project report

2. Other research project reports

Representative publications resulting from this work and documents that supplement the
reports are included in Appendix B.
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Partnering Enhanced-NLP with Semantic Analysis In Support of
Information Extraction

Collaborative Agent Design Research Center (CADRC)

Principal Investigators:

Hisham Assal, Ph.D., Collaborative Agent Design Research Center (CADRC)
John Seng, Ph.D., Computer Science
Franz Kurfess, Ph. D. Computer Science

Emily Schwarz, Master Student Computer Science

California Polytechnic State University
San Luis Obispo, CA
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Executive Summary

Natural Language Processing (NLP) provides tools to extract explicitly stated
information from text documents. Thcse tools include Named Entity Recognition (NER) and
Parts-Of-Speech (POS). The extracted information represents discrete entities in the text and
some relationships that may exist among them. To perform intelligent analysis on the extracted
information a context has to exist, in which this information is placed. The context provides an
environment to link information that is extracted from multiple documents and offers a big
picture of the domain. Analysis can then be provided by adding inference capabilities to the
environment. The ODIX platform provides an environment for bringing together information
extraction, ontology and intelligent analysis. The platform design relies on existing NLP tools to
provide the information extraction capabilities. It also utilizes a web crawler to collect text
documents from the web. The context is provided by a domain ontology that is loaded at run
time. The ontology offers limited inference capabilities and external intelligent agents offer more
advanced reasoning capabilities. User involvement is key to the success of the analysis process.
At every step of the process the user has the opportunity to direct the system, set selection
criteria, correct errors, or add additional information.

The ODIX platform was extended in this phase to implement a domain-specific ontology
in the area of intelligence analysis with a focus on terrorist organizations and financial
institutions and the relationships that may exist between them through participation in common
events or direct communication between members of each group. Another extension was the
inclusion of agents, which perform inference to expand the knowledge base by running two types
of rule sets, internal and external. Internal rules are built into the ontology and help expand the
definition of instances and make them more specific. For example, the definition of a person who
is a member of a terrorist organization can be specialized into a ‘terrorist’ to help further
inference. External rules relate a group of ontology objects together to perform a more general
inference. For example, a communication event between a ‘terrorist’ and a member of a financial
institution can result in suspicions of a terrorist plot in the making. The third enhancement to
ODIX was the deployment to remote servers with the ability to run components on multiple
servers in multiple locations. The result of this enhancement is the ability to handle larger
demand on the system and the ability to configure services to take advantage of the available
resources.

1. Background

The use of information extraction technology can provide benefits in processing large
volumes of text documents and organize or categorize the information. To provide meaningful
use of the extracted information it has to be placed in a larger context, which describes the role
of every piece of information in the domain. This domain context can also provide help in
extracting information from documents and organizing it. The bidirectional relationship between
the domain context and the extraction process is necessary for the accuracy and relevance of the
extracted information.
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Sample Texts Extracted
“Mr. L.C..\s...iﬁJ,BnimaaldehdmtOdc Artifacts

Intelligent Anatysis

Ontology (AGENT)

|
! Mohsen Shah
| Intelligent Analysls | communicated with
Bank, snnounced todeay thet his bank | (AGENT) 1 John Smith {twice
)
will receive furds from the federal govermment —, Named Entity I -1
to support locel small bushesses” Recognition I =
= New Times I
LN\
“The Investigetion Into the test Time Squere Position
plot identffled Mr. Mohsen Shah a3 @ person-
of-interest because of s recent fraquent wisits — Industry Term [
with the prime suspect Falsal Shahzad”
= Time Square Report Organization

A second meeting was between -
'ﬂrmw-hdmbgwwm ——tomasty

I
|
|
| /| There may be an arrangement to
Shak, who n thelr first ] - | through ['!;"rﬂi‘];i'~'ﬂ"-1 o
meeting s 9 business Investoc. The frst meeting .
took place lest week at (/. Smith's office” .
- | Conclusion:
intaligance Raport I A plot may be In the planning phase.
NLP - Information Extraction | Intelllgent Analysls
Goal: Extraction of explicitly stated information {entities Goal: Inferring Implckt knowledge (e.g. Implicit
and relationships) from natural language content orgenization sffiiation) based on context

Figure 1: From Text to Ontology

The vision of this research work relies on an ontology to provide the context, i.e. the
bigger picture, and to be a medium for performing intelligent analysis. A domain ontology
describes the entities in the domain and how they relate. The ontology may also include some
rules on how new entities emerge or constraints on the way entities relate to each other. Given
this detailed description of the domain in terms of its entities and their behavior, a context now
exists for the information coming out of this domain. Figure 1 depicts the intended outcome of
the system.

Another aspect of the vision is the ability to process the extracted information in an
intelligent way. The sophisticated structures of the ontology, along with the rules that describe
their behavior offer an opportunity to perform inference on the existing information, which may
lead to producing new information.

The ontology can play a guiding role in the extraction and interpretation of information.
The entities in the ontology can serve as a target for the extraction process. The extraction tools
can take a set of entity types from the ontology and process the repository documents for entities
that fit the description of the ontology entities. This can make the extraction process more
efficient and more accurate. The ontology structure provides guidance for the types of other
entities that may be connected to any given entity to make the extraction process more
comprehensive.

A key aspect of the vision is the user opportunity for involvement in every step of the
process from extraction to interpretation, ontology population, inference and request for
additional information. The interpretation of textual material in natural language is ambiguous
and requires user knowledge of the domain to double check the automated work of the system
for accuracy and relevance. The user can also provide guidance to the extraction process in the
form of rules of extraction (in rule-based extraction) or for adjusting the results of training data
(in statistical approaches).
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The processing of extracted information may expose the need for more information,
which guides the extraction process to look for specific types of entities. The emergence of new
entities in the ontology as a result of inference may also trigger the need for more extractions.
This iterative nature of the process, along with user involvement is essential to producing
meaningful results and can support the complex analysis work for the user.

The objective of the research is to produce a generic platform, which can be configured
with external services and a domain ontology to suit the needs of different types of users. There
are existing services that provide some of the needed functionality, such as crawling the web for
information that fit given criteria, or extracting generic information from plain text documents. It
is important for the success of this system to allow the integration of external services and
provide tools to process their results into the domain ontology.

2. Previous Work

The ODIX platform resulted from earlier work under the C3RP grant, which produced a
general purpose system that can perform information extraction on a collection of articles from
the world-wide web. The system allowed the dynamic loading of ontologies at run-time and
offered a set of tools to assist in the interpretation of the extracted information. The focus of the
research in the previous work was the system level design and implementation. The natural
language processing (NLP) tools were developed and compiled together to provide the NLP
service, which is the main information extraction service. The model service was developed to
allow the dynamic loading of domain ontology at run-time.

The primary components of the system are architected as services that offer the flexibility
and agility inherent in Service-Oriented Architecture (SOA) designs. The decision to architect
the information extraction capability in a service-oriented manner was twofold. First, the
extraction of information is an activity that is intended to be invoked on a repetitive basis by
numerous external users as a part of their larger business processes. As such, it is useful to
deploy the information extraction capability as a whole in the form of a discoverable and
subsequently invocable service that adheres to applicable web service standards. Second, the
designers felt it useful to have the ability to easily exchange select components of what amounts
to a multi-faceted capability with alternative solutions in an effort to experiment with
effectiveness and performance. As such, it seemed advantageous to carry the service-oriented
concept into thc internal architecture as well. It was anticipated that doing so would produce a
test bed-like environment where internal capabilities were extensively decoupled and primed for
potential replacement or partnering with additional, complementary capabilities.

NLP Service

For our work, we utilize the Unstructured Information Management Architecture (UIMA)
document processing framework. This framework handles multiple documents and allows our
application to process and annotate several documents during each stage of our information
extraction task. The UIMA architecture provides facilities that allow the creation of individual
annotators which can be used to perform specific NLP tasks. In our work, we create an
annotator to identify if a particular name in a document is the name of a known terrorist.

For the task of information extraction, we utilize the OpenCalais service provided by
Thomson Reutcrs. This service takes individual documents as input and provides an RDF file
which labels several various entities and relationships. In our application, we focus on the
following entities and relationships provided by OpenCalais: PersonCareer,
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PersonCommunication, PersonRelation,and FinancialInstitution.
PersonCareer defines the relationship that a person was or currently is an employee of a
particular institution. PersonCommunication defines the event that two people plan to
communicate with each other. PersonRelation declares that a type of relationship exists
between two people. FinancialInstitution is an entity that OpenCalais believes is a
financial institution.

1. Al-Qaeda’s top commander Osama bin Laden

Extraction rule: (terrorist_organization + “\s+(” + adjectives + “\s+)*" +
person_role + “\s+” + person)

2. Osama bin Laden, the top Al-Qaeda commander

Extraction rule: (person + “\s+(alan|the)\s+(“ + adjectlves + “\s+)*” +
terrorist_organization + “\s+” + person_role)

Figure 2: Extraction example

Using the extracted entities and relationship that OpenCalais provides for each document,
we aggregate the common occurrences across several documents and tabulate the frequency of
these occurrences. This information, along with the information extracted from the rule-based
UIMA terrorist annotator, shown in figure 2, is combined and an RDF file is created which
contains all of the assertions.

Model Service

The Model Service is SOAP web service that hosts the ontology management component
of our system. Jena is used as the primary tool for managing and persisting the ontology. Jena’s
SQL-based storage allows the ontology to be saved over multiple web sessions. This service
contains functionality for loading a domain-specific ontology. This ontology forms the heart of
the knowledge representation for the system.

The Model Service also contains the translation functionality to both import extractions
from the NLP component and export selected knowledge to the user interface. An importation
process is necessary because the NLP extractions are built around the OpenCalais rather than the
domain-specific ontology. While it may seem like extra work to translate out of the ontology of
the NLP, this process enforces flexibility within the system. It is possible for the Model Service
to be configured to read multiple NLP extractions with different underlying ontologies.
Likewise, this allows a single configuration of the NLP Service to create extractions for several
Model Services, all with different domain-specific ontologies.

While Jena provides a number of options for exporting ontologies, it was also necessary
to create a separate export functionality for interfacing with the user interface component. This
is because the user interface requires a general object based XML format, and will not accept
RDF/XML. This is a common problem for interoperability between ontologies and web services
and is discussed in [Akhtar, et al. 2008]. Our export solution uses a combination of XML
templates and SPARQL queries.
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3. Platform Enhancements

In this research, the platform was extended in a number of ways to allow for the
implementation of the selected use case, which is the identification of potential terrorist plots
through the communication between members of terrorist organizations and members of
financial institutions. The enhancements include a domain-specific ontology for the selected use
case, provenance to keep track of the source of information and assign a certainty level with each
source, and intelligent agents to perform the inference. Another enhancement was to deploy the
platform to the remote servers at the Knowledge Management Laboratory (KML), to test the
validity of running the system in the cloud.

Domain-specific Ontology

An ontology of organizations, events, and communications was developed to describe the
relationships that may exist between organizations. The main types in the ontology included
people, organizations, and events. The main types of relationships include membership in
organizations and communications among people. The ontology focuses on two types of
organizations, terrorist and financial. Other organization types can be used, but the support in the
inference mechanisms is only available to those two types of organizations.

Provenance

Our method for data extraction through NLP can be applied to a variety of textual
sources, possibly obtained through the Web. We cannot guarantee the veracity of these sources,
so our system must have the capability to record and manage the trustworthiness of the
extraction. For our application, provenance is the process of tracking the source or derivation of
a fact within the assertion component (ABox) of our ontology.

To establish provenance, all facts imported from the NLP are connected to a source
object via RDF reification. The contents of the source object for NLP imported facts include the
name of the file and the offset and length of where the extraction occurred. This information
could be supplemented with additional facts relating to a measure of the trustworthiness of the
source, confidence in the NLP extraction, or other metadata relating to the fact. All facts are
RDEF reified since facts relating to the same individual do not necessarily come from the same
NLP extraction.

During reasoning, additional source objects are asserted to maintain provenance. Rather
than having a source article, these source objects relate the new fact to the ABox facts that were
used to derive it, as well as the terminology component (TBox) facts that triggered the reasoning.
This ensures that an ABox fact always have source information, regardless of whether it was
extracted directly or inferred. We achieve this through a modified version of Jena’s OWL
inference rules by adding the source manipulation and creation components to the rules
themselves. This is a highly experimental approach, although it is similar to [Vacura and Svatek
2010]. Unlike their approach, our method restricts provenance to the ABox, and thus requires no
additional management outside of a modified rule set. Since RDF reification creates an
explosion of additional facts within the ontology, we believe this approach will be best suited to
environments that handle named triples without reification, such as BigOWLIM.

Figure 3 shows and example of inference and attached source information.
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Figure 3: Example Inference

Intelligent Agents

The ontology in the ODIX platform is built using the OWL environment, which provides
inference capabilities, expanding the definitions of ontology objects and allowing re-
classification of existing objects. Other inference capabilities were added to the platform by
developing external intelligent agents that operated on the OWL model. The use of external
agents allows the development of more sophisticated rules, which relate objects of different types
in patterns that describe a complex situation. The external rules are loaded through the user
interface and many external rule files can added at run-time.

Deployment to the cloud

The SOA design of the platform makes possible to deploy the system in a distributed
fashion. Running in a ‘Cloud’ environment offers opportunities to use the platform in different
ways. The individual services can be made available to other applications or can be configured in
different ways according to the needs of a specific project. The cloud environment offers
services that can be shared by many applications, such security, single sign-on, intelligent
routing, load balancing and location transparency. The benefits of a cloud environment include
high availability and handling large volumes of data.

The ODIX platform was deployed into two environments, locally at Cal Poly on a virtual
machine provided by the computer science department, and remotely on KML servers. The KML
environment consisted of a number of blade servers hosting virtualization software. The ODIX
platform used two virtual machines on the KML environment and were accessed and managed
remotely. The configuration of the platform allowed some services to run on Cal Poly servers
while others ran on KML servers for the same session.

4. Domain Adaptation

The ODIX platform is designed to support the implementation of many domains with the
flexibility to provide inference capabilities to any given ontology. The development of a domain-
specific system on the ODIX platform requires additional development and configuration tasks.

The first task is to develop a domain ontology, which describes the objects of interest in
the given domain and the relationships that exist among them, thus defining the context for the
application. The domain ontology may also include basic rules of inference, which determine
class membership for objects, or simple property chain inference. An important aspect of the
ontology development is to define the types of queries that are needed by the user interface and
provide support for fulfilling such queries in a user-friendly manner.
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The second task is to develop intelligent agents, which provide the required analysis.
Agents operate on ontology objects and need to be aware of the ontology structure. Agent
analysis is defined by the requirements for the application.

In addition to development tasks, some configuration may need to take place on the
platform. Extraction rules, for example, help classify some of the extracted entities into more
specific classes based on the role they play in the text. For example, the role of a person in an
organization, or the classification of an organization as a terrorist organization can be defined by
extraction rules, which can be added to the platform or even loaded at run-time.

Another configuration element is lists of known entities that may be helpful for the
extraction process. For example, in a financial system, a list of known financial institutions and
their classification can be added to the platform and used at run-time to identify extracted
entities.

Other configuration elements can be added to help fine tune user interaction with the
system.

5. Published work

The work under this C3RP grant was published and presented in many conferences. The
first conference was the ACM Splash conference, 2010. The presentation was made to the 2™
International Workshop on Ontology-Driven Software Engineering (ODiSE 2010) at the ACM
SPLASH 2010 Conference and the paper was published in the conference proceedings online.

Hisham Assal, John Seng, Franz Kurfess, Emily Schwarz, and Kym Pohl.
2010. Partnering enhanced-NLP with semantic analysis in support of information
extraction. In Ontology-Driven Software Engineering (ODISE'10). ACM, New
York, NY, USA, , Article 9, 7 pages. DOI=10.1145/1937128.1937137
http://doi.acm.org/10.1145/1937128.1937137

The work was then presented to the IEEE Aerospace conference in 2011 and the paper
was published in its proceedings.
Hisham Assal, John Seng, Franz Kurfess, Emily Schwarz, and Kym Pohl.
2011. Semantically-enhanced information extraction. In Proceedings of the 2011
IEEFE Aerospace Conference (AERO '11). IEEE Computer Society, Washington,
DC, USA, 1-14. DOI=10.1109/AERO.2011.5747547
http://dx.doi.org/10.1109/AERQ.2011.5747547

In June 2011, Franz Kurfess organized a discussion session and presented a tutorial at the
Semantic Technologies conference in San Francisco.
Kurfess, F. J. (2011a). Combining ontologies and natural language
processing for knowledge retrieval. Discussion session at the 2011 Semantic
Technology Conference, San Francisco, CA. SemanticWeb.com.
Kurfess, F. J. (2011b). Computers and knowledge. Tutorial, 2011
Semantic Technology Conference, San Francisco, CA. SemanticWeb.com.

In August, 2011 the United States Transportation Command (USTRANSCOM) held a

summit on Documents and Data. The ODIX platform was presented in this workshop and
included in the summit proceedings.
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The project team was invited to submit a book chapter on the ODIX platform to the book:
‘Advancing Information Management through Semantic Web Concepts and Ontologies’,
published in November 2012 by IGI-Global. The chapter title is ‘Enhancing Information
Extraction with Context and Inference: The ODIX Platform’ http://www.igi-
global.com/chapter/enhancing-information-extraction-context-inference/71857
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Key terms and definitions:

Ontology: a formal representation of knowledge as a set of concepts within a domain, and the
relationships between those concepts. It is used to reason about the entities within that domain, and may
be used to describe the domain.

Agent-Based Systems: a system of interacting intelligent agents, embedded within an ontology
or information model.

Information Extraetion (IR): the process of extracting entities and relationships from
unstructured documents.

Knowledge Extraction: the process of extracting information within a given context, which
serves to clarify and disambiguate meaning

Serviee Oriented Architeeture (SOA): a software design paradigm, which views software
components as a set of interoperable services, which can be packaged, configured and reused in multiple
systems.

Natural Language Proeessing (NLP): The processing of text in natural language with the
purpose of extracting information in a structured manner.

OWL: the Web Ontology Language. A language to describe ontology for sharing and
exchanging knowledge on the web in a machine readable format.

Provenanee: The property of specifying and tracking the source of information items.
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1. Abstract

The commercial availability of hybrid electric vehicles coupled with the need for
electric power grid stability and security invite the development of a vehicle to grid
interface solution. This project completes Phase | in the development of this interface for
the Chevy Volt. The complete project will provide the link between the vehicle and the
utility industry and will analyze the effectiveness on such grid connectivity on the
stability and economical operation of the power grid. This grid could be the typical
centralized utility grid or a localized microgrid, thus leading to the possibility of a 50 kW
mobile power source for industrial or military applications. To accomplish this will
involve adaptation of the vehicle control system of the Chevy Volt, an advanced series
hybrid vehicle with a 50 kW engine/generator set providing power to a [6 kWh lithium
ion battery pack. The system as designed powers the 4-passenger car for approximately
35-40 miles before the battery needs to be recharged. Recharge takes place either by
starting the engine/generator or by plugging into the grid. This project provides the first
steps to add the ability to provide power back to the grid from the battery pack, and
therefore also the engine/generator by using the onboard power electronics that have been
designed to power the electric propulsion system.

Phase | of the project begins with a technological survey and literature review of
the potential topologies. An engineering analysis of the various existing systems will
lead to a preliminary design with appropriate requirements and approach that capitalizes
on the available resources that reside in the standard Chevy Volt. The system of
interfacing with the power grid will be devised using power electronics on board the
vehicle and supplemented by advanced designed systems off board of the vehicle. This
preliminary design will undergo hardware power electronics simulations. Simulations of
the behavior of the grid will be carried out under certain scenarios of power input to and
taken from the battery/generator on board the vehicle.

The results of these simulations will lead to the detailed design, which will be the
final deliverable of Phase | of the project. Building a Proof of Concept Unit and testing
and evaluation of this unit will be the main focus of Phase Il of the Hybrid Electric
Vehicle Grid Connectivity project.

2. Project significance

The electric grid of the United States has about 650 GW of capacity. The vehicle
population is about 200 million. If each vehicle had the power to provide 50 kW of
power to the grid on demand, the cumulative power capability of the on-road vehicle
population would be 10,000 GW, thus dwarfing the installed electric generating capacity
of the utility industry. Up to now this has not been conceivable because electric powered
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cars did not exist and if they did exist, they did not have the capability of providing the
above power.

Now that advanced hybrid vehicles like the Chevy Volt can provide this power, a
very new and significant capability exists. When the population of such vehicles
increases due to the increased cost of oil or carbon, the new vehicle population will be a
growing resource for the electric grid. 1n addition, new bio fuels will likely be introduced
into the vehicle fleet before being introduced into the utility generating grid, thus
providing a vector for the movement of the grid to zero net carbon, fully renewable
power generation.

The development of this project has particular relevance to several ONR/DOD
interests involved with Logistics and Maneuverability. As the capabilities of the
advanced hybrid electric car have increased they are now at the level where they can be
used in powerful military equipment, providing increased stealth when running
completely on electric power. These vehicles have the potential to provide a source of
alternative power when acting as an advanced power plant. As these become more
widespread in the military fleet, a source of mobile power plants has the potential to
eliminate traditional tow behind generators, thereby making more effective use of
available resources. A number of studies and research projects have demonstrated the
value of a V2G (vehicle to grid). These will be discussed briefly in the background/prior
work section and in attached documents [1]-[4] generated as part of the Phase I project.

3. Background/prior work

The state of the art in this area is still very immature. Pure battery powered
electric vehicles (BEV) like the GM EV-1, Toyota RAV-4, Ford Ranger Electric Pickup,
and other electric vehicles were driven off the roads in the first years of this century.
Pure electric vehicles use lead acid batteries in low performance, low cost applications
(e.g. fork lift trucks and golf carts) and nickel metal -hydride batteries in on-road
applications. The newer battery technology, the lithium ion battery, is being applied to
exotic electric cars by companies such as AC Propulsion and Tesla Motors and the
Toyota Prius. Batteries are being developed to serve the hybrid electric vehicle (HEV)
market. However, the concept of a plug-in hybrid (PHEV), such as the GM Volt and
modified Toyota Prius, is gaining popularity, especially as gasoline prices have risen.
Battery test modes for pure electrics and hybrid electrics have been published by the
USABC. The Volt will use a lithium ion battery and a number of small companies are
offering modified lithium ion batteries for a customer-modified, extended range Prius.
Toyota has released the plug-in Prius powered by advanced batteries with smaller
capacity than the Chevy Volt. These lithium ion batteries are notorious for high cost and
low calendar life, but recent chemical modifications have provided hope for good cycle
life. The use of the batteries as sources of power in a V2G (vehicle to grid) mode will
require many short charge-discharge cycles to be imposed during the time the vehicle is
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parked at the charging station. No one knows and no models exist to predict the effects
of such charging on battery durability.

The electric vehicles built to date such as the GM EV-1, Toyota RAV 4, Ford
Ranger, and others used chargers for one-way battery charging. AC Propulsion has
proposed, and implemented in a converted Toyota Scion (e-Box), a system whereby the
power electronics and motors could be adapted to pass power from the vehicle to the grid.
AeroVironment has developed battery test equipment that uses similar principles to move
discharge power to the grid, thus enabling efficient use of energy in a test environment.
General Motors and AeroVironment have demonstrated a battery exchange system that
provides effectively limitless electric vehicle range, even with lead acid batteries. Such a
system would envision a network of exchange stations with batteries inventoried for
quick change. The exchange stations would provide a natural focal point for a resource
to provide power to the grid on a high demand basis and might also provide enhanced
grid stability in certain situations.

More recently Raser Technologies has produced a military light duty truck which
it terms an E-REV (extended range electric vehicle). GM has also adopted this term for
the Chevy Volt to distinguish it from the more commonly referred to Hybrid electric
vehicle, although they both could still be termed hybrids. The distinction between hybrid
and EREYV is that in a hybrid both the 1CE and battery provide motive power directly. In
an EREV the ICE only provides power which is stored in the battery and the battery
provides all motive power. It turns out that this is true for the Chevy Volt in most cases
but to increase efficiency there is a mode in which the ICE does provide direct power to
the propulsion system.

A number of researchers have put forward the idea that economic advantage could
be gained if the batteries are connected to the grid so that power can flow in both
directions, a so-called vehicle-to-grid (V2G) model [5,6,7,11,12,13,14]. The proposed
research has the eventual goal of testing batteries in the V2G model in order to
understand if the additional stress imposed by the support of grid ancillary services
causes accelerated degradation to the batteries beyond the classical model. The present
proposal is part of the much larger economic analysis of batteries and electric vehicles
necessary to justify large scale deployment It is a multidisciplinary problem involving
battery technology, charging technology, grid demand profiles, and mechanisms
(hardware and controls) to regulate the flow of power.

Although electric power inverters are not new, low cost inverters for widely
distributed battery systems such as might be found in electric cars and in battery
exchange stations for future electric cars are not available. Advances in power
electronics components may make possible the development of such battery-to grid or
vehicle to grid interfaces. In this project the focus will be a vehicle to grid interface for
the Chevy Volt where the power electronics used for electric propulsion will also be used
for the vehicle to grid interface. The combustion engine and electric drive of the Chevy
Volt are shown in Figure 1. This project envisions development of the power electronics,
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control software, interface communications and utility interfacing to make a vehicle to
grid system both practical and economical. It would include analysis of the power
electronics and switching architectures, development of a prototype low power unit, scale
up criteria (for follow on projects), and schemes for communication to control the flow of
power to and from the vehicle.

Fig. 1. Engine compartment of Chevy Volt showing conventional combustion engine on left
side and the electric motor and power electronics on the right side. (photo from

http://en.wikipedia.org/wiki/File:Chevy Volt DCA 01 2010 8811.JPG)

This project which is phase I of a longer term project vision is of one year
duration and stands alone, but did not envision the implementation of a functional
prototype in such a short period. Rather, the objectives of the first years’ work were to
design, build and develop the project to the point where Cal Poly can provide a solid
background that will enable a follow on project to look at a complete system on the order
of 50-100kW, which would be more appropriate for industrial sized applications.
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4. Discussion of Results

Literature review and Proof of Concept V2G Interface Solution have been completed and
detailed results/discussion are contained in the following four attached reports:

[1] Agatep, A., and Ung, M., “Design and Simulation of V2G Bidirectional Inverter
and DC-DC converter” Senior Project Report, California Polytechnic State
University, 2011

[2] Aquino, J., “Microcontroller Design of a Bidirectional Three-Level Pulse Width
Modulation AC/DC Converter for Vehicle-to-Grid Application” Master’s Thesis,
California Polytechnic State University, 2012

[3] Dolan, D., Le, V., and Taufik, “Geographic Variation in Environmental Benefits
Achieved by Plug in Electric Vehicles and Electric Vehicles”, EVS26 26th
International Electric Vehicle Symposium, Los Angeles, CA, May 2012.

[4] Chhean, R., “Vehicle-to-Grid (V2G) Bidirectional Power Converter Design and
Integration for 2011 Chevrolet Volt — Extended Range Electric Vehicle (EREV)
Drivetrain” Master’s Thesis, California Polytechnic State University, 2012

EVs with V2G functionality benefit both customers (vehicle owners) and the grid
(owned by utilities). If the vehicle is connected to the grid for regulation services, annual
average income is estimated at $2,000 per vehicle [17]. Grid support services are only
activated when the vehicle is not in use (e.g. parked). On average, vehicle usage in the
USA is approximately 1 hour per day [18]. This leaves V2G capable PEVs to be
available for grid support 23 hours per day. Grid regulation support not only includes
discharging but charging the battery as well. For instance, customers benefit through
monetary gain to charge their EVs during down regulation. Customers do not have to
worry about low battery levels when the vehicles are needed since on average, there is
minimal battery net power loss during regulation services [17]. The utility also benefits
by having a more robust, efficient, and responsive grid. In contrast to typical power
plants, EVs are directly located at loads, increasing operating transmission efficiency.
Currently in the United States, electric power can travel through multiple states before
reaching loads. Power plants respond slowly to up/down regulation commands due to
inertia of rotating mass and chemical thermal properties. In comparison to power plant
response times of 30 seconds to several minutes, V2G power converters can respond at
1/20™ second [17]. This feat is due to the inherent nature of V2G power electronics which
do not use rotating masses or chemical thermal properties. The rapid response times of
V2G offer faster regulation services such as frequency and voltage regulation. V2G
capabilities may offer power quality improvements through peak load shaving and grid
ancillary services (e.g. spinning or non-spinning reserve) {19].

Peak load services are extremely beneficial for the electric infrastructure.
Examples of a typical daily system load in California suggest load peaks during mid
afternoon. The idea of peak shaving is to charge V2G capable PEVs during low load
periods and discharge back into the grid during the peak periods. This would result in a
lowered peak as seen by the electrical power system infrastructure (e.g. transmission
lines). Infrastructure upgrades and design are based on the peak such that if the peak is
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lowered, infrastructure requirements would be reduced which is less costly for the
electric utility.

Single-stage topologies (Figure 2) have been successfully simulated with V2G
capabilities. A modified bidirectional dual active bridge with zero voltage switching
(ZVS) was explored in [20]. Unfortunately, the topology requires 12 switches, a resonant
tank, and high frequency (HF) transformer. A single-stage solution eliminated the typical
full wave rectifier/2-legged half-bridge (HB) combo in [R8]. Rectification and inverter
operations were integrated into a modified bidirectional non-inverting buck-boost
converter. Both V2G and G2V operations are done via buck-boost mode. The topology
has merits with a component count of only 8 switches, 1 inductor, and 1 capacitor. The
low component count reduces additional cost, volume, and weight for enabling V2G.

G2V-V2G Power Converter

. | Battery
Grid | . B
E E s—]

Figure 2. Black box diagram of general G2V-V2G single-stage power converter.

Many different topologies have been used for the AC-DC bidirectional subsystem
in a two-stage system (Figure 3). For a single phase connection, the most common
bidirectional AC-DC topology is a 2-legged H-bridge with anti-parallel diodes that form
a full wave rectifier [22,23,24,25,26]. The 2-legged configuration popularity is due to low
component count and simplicity. When a three phase connection is needed, a 3-legged
HB with anti-parallel diodes is most prominently proposed [27,28,29,30,31]. It possesses
the same advantages of a 2-legged HB, but for a three phase system. Furthermore, 3-
legged HB has been proposed for single phase grid-tie inverter operation [16, 32]. The
extra leg is connected to the neutral in a North American 240VAC, 60 Hz connection. A
2-legged HB handles such a connection by splitting the DC link capacitors into two series
capacitors. The neutral is connected in between the capacitors so the neutral branch
always has a current path. Otherwise, there may be a voltage offset. A 3-legged HB uses
its neutral leg to eliminate any voltage offset due to unbalanced loads. The neutral leg is
pulse width modulated (PWM) at a 50% duty cycle to achieve this [32]. Benefits also
include the elimination of DC capacitor voltage balance issues, smaller output filter size,
smaller DC bus current ripple, and higher utilization of dc bus voltage [33]. Use of three-
level neutral-point-clamped (NPC) or modified versions have been proposed [34,35].
Any benefits from the three-level NPC are mitigated by the switch count of 6 and 8. Both
2- and 3-legged HBs are valid candidates.
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G2V-V2G Power Converter

Battery
— Pack

Figure 3. Black box diagram of general G2V-V2G two-stage power converter.

A variety of topologies have been used for the DC-DC bidirectional subsystem in
a two-stage system. Many topologies only work if the battery voltage is always greater
than the required DC link bus voltage or vice versa. The HB converter topology, also
known as a buck or boost, is most popular in literature for G2V-V2G power converters
[22,23,24,26,28,29,32,35]. The low component count and simplicity makes it an ideal
candidate if a few requirements are met. The battery voltage must always be greater than
the DC link bus voltage. As a result, the HB converter charges the battery in boost mode
and discharges the battery in buck mode. Otherwise HB converter cannot be used for the
DC-DC subsystem. The dual active bridge and such based topologies are utilized in
literature [25,27]. The topologies contain a HF transformer for galvanic isolation, but
need at least 8 semiconductor switches to operate. The high parts count makes dual active
bridge based topologies unattractive candidates unless galvanic isolation is a necessity.
An HB converter is an attractive candidate if the battery voltage can be guaranteed to be
greater than the DC link bus voltage level.

V2G technologies have motivated researchers since 1997, but more research is
required to understand V2G implementations for personal vehicles of the average
consumer [36]. Grid support services from V2G EVs have been studied in economics and
logistical requirements [16,36,37,38,39,40,41]. There are many technical challenges in
V2G design and implementation. A wave of technical V2G designs and implementations
have been discussed in literature. These technical designs and discussions include a
number of topologies and control methods [16,19,20,21,22,23,24,27,28,29,32,34,35,42,
43,44,45,46,47]. Furthermore, V2G systems have been studied in industry since patents
exist [30,31].

The proof of concept G2V-V2G power converter is shown in Figure 4. It is
composed of a four-switch bidirectional Buck-boost dc-dc converter and 2 legged half
bridge inverter/full wave rectifier with an LCL grid filter. 1t is shown in [4] for 5 generic
cases that the topology provides good performance and is able to meet IEEE harmonic
standards for most of these cases. For the isolated instances where harmonics slightly
exceed standards, an improved LCL grid connection filter should be able to alleviate the
problem.
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5. Future Work Planned

a) The use of the batteries as sources of power in a V2G (vehicle to grid) mode will
require many short charge-discharge cycles to be imposed during the time the vehicle is
parked at the charging station. No one knows and no models exist to predict the effects
of such charging on battery durability and thus one of the key questions for both V2G
viability and electric vehicle practicality and utility in general, is the degradation rate of
the batteries in the real world. Future work will use the CAN bus data systems to
characterize the changes occurring in effective impedance of battery systems in the
Chevy Volt and Nissan Leaf. We will add new analytical and experimental tools to study
battery degradation not only in the vehicle but in the laboratory as well and to relate these
observations to each other and to physical models (mathematical models) of battery cells
under actual use.

b) The existing vehicle to grid connection in the Chevy Volt is designed for a charge rate
of 3.3 kW. However the generation capability of the ICE is S0kW. This presents a large
mismatch in V2G capability in terms of the potential available power and the power
electronics ratings of the vehicle to grid connection. In order to use the J1772 connector
for V2G purposes the vehicle’s generation capabilities will be limited. For the concept to
be applicable to a mobile power source the full 50 kW power capabilities of the vehicle
must be available. This will require alterations to the current connection or a bypass to
higher rated components deeper in the vehicle. The current power levels would be
suitable for V2G exchange of power over periods of several hours and would assume that
power delivery from the vehicle to grid is interrupted once the battery reaches it
minimum state of charge and that the ICE is not started to enter charge sustaining mode.

¢) Currently the Chevy Volt can only be operated in charge sustaining mode once the
battery has been depleted. The vehicle will not recharge the battery pack using the ICE
and generator. It will maintain a particular state of charge such that V2G would still be
feasible using the ICE as the power source. In mobile military applications however it
would be desirable to have the vehicle fully charged such that when desired it could be
run on pure electric to maintain stealth. The modification to allow this to happen will
need to be investigated.
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1. Abstract

Inexpensive power, renewable fuel, and clean water are increasingly important both in
our country and in developing nations. We are seeking to use inexpensive materials to
construct a steam power generator. Side effects of the project are algae and condensation
which can be optimized to produce biofuels and potable water. We therefore started a
three tiered research project here at Cal Poly that has students working on these three
different aspects from majors in engineering such as Mechanical, General, and Bio-
resource and Agricultural; different colleges such as Food Science and Biology; and
partners from different universities and industry — UCSB and Advanced Laboratory
Group.

This project is a floating tube heat exchanger which consists of a 10 m x 3 m rectangular
pond approximately 1 m deep. This pond works as a heat exchanger and contains 15
plastic tubes floating on the pond with an inner heat transfer tube simulating a solar
reflector (due to budget constraints and IP rights). The main purpose of this floating tube
construction is heat transfer and energy efficient cooling. The Mylar in the tubes of the
prototype in San Diego reflects sunlight onto a solar collector in order to boil water and
power a steam generator. The material for the tubes, Mylar and “sandwich bag” grade
plastic, is quite inexpensive. The tubes prevent the evaporation of the pond basin water,
which can be used for thermal storage during the day and cooled at night for increased
efficiency and almost no water usage. As a secondary effect, the tubes grow algae at a
luminescence ideal for biofuel production and, as the condensate forms above the Mylar,
there is a tertiary side effect of producing clean water. Figure 1 shows the sun’s rays
entering the plastic tubes and bouncing off the Mylar toward the solar collector.

We built and instrumented one of these ponds forming senior projects for 9 students,
working with undergraduates and graduates on instructionally related activities, and plan
to collaborate with many more students to continue each aspect of the proposed work in
the form of capstone projects. So far, we have encountered a great deal of success!

I~ ~N =
V '@ ]

Figure 1: Floating Tubes Reflect Sunlight to Solar Collector
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2. Project significance

Taking advantage of our natural resources in a way that is sustainable is a significant
problem we face today. How do we produce power that is scalable, clean, renewable, and
cost competitive with current electricity and fuel production without government
subsidies? Our goal is to attempt a system that produces both low cost electricity and
algal biomass with a side effect of being able to collect potable water. Figure 2 shows the
use of the entire radiation spectrum that will be distributed into optimal biomass
production as production of low cost electricity.

Solar Radiation Spectrum

Full

Low cost

Hyperlight AX
electricity

system

Algal Biomass

Figure 2: The goal is to convert solar radiation into electricity and biomass

Our solution is to build ponds, and just about any pond will work, with floating tubes set
closely together to reflect light onto a solar collector, grow algae, and collect water
condensate. Using this proposal, we constructed a small built-up pond, approximately
10m x 3m, filled with 15 tubes. The tubes and pond work as a counter-flow heat
exchanger to dissipate stored thermal energy generated by the sun during the day. The
tubes are also an ideal place to grow biomass — algae — in a low light, warm environment.
As the algae grow, the water condenses in the upper portion of the tubes and can be
collected from the inner tube and run to a potable water collector. Shown in figure 3
below is our finished pond which is in the Bonderson Yard at Cal Poly
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Figure 3. Photograph of the hcat transfer pond designed and built by Extreme Exchangers
senior project team in Bonderson Yard.

One of the main problems we began with is in maintaining a cold temperature reservoir
and effectively predicting the thermal profile of the system over time. Our first obstacle
was to develop an accurate thermal model for an efficient cooling scheme.

The thermal modeling problem is especially interesting because the system contains algae
which contribute to the thermal balance in the system in addition to conduction,
convection, and radiation heat transfer. Since this system is targeted to be set up in many
different environments, accurate performance prediction in varying circumstances will
require a significant amount of engineering effort.

We developed a numerical model is ANSYS Workbench and an empirical estimate in
EES (Engineering Equation Solver) that could predict transient response of our system.

This project is related to Office of Naval Research (ONR) strategic objectives in that it
will enable units to establish water and power in remote and harsh environments for low
cost. In a wider setting, if successful, this project could bring clean water and power to
many remote and impoverished areas of the world. This technology could save many
lives.

The scientific modeling and investigation of both the thermal aspects and algal growth
will advance the state of the art. With the materials required for a pond, this project is
easily scalable depending upon available funding. Large ponds in a network can be used
to produce power on a large scale. One scale model pond can provide valuable data in
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thermal geometry predictions. Continued work can advance all tiers of investigation, or
just one, if funding is cut. If any of the tiers produces favorable results, the significance
of this project will bring attention to Cal Poly and its students.

3. Background/prior work
Algae as a potential solution for fuel replacement is not a new idea. The government
launched the Aquatic Species Program (ASP) in 1978 which was shut down in 1996.'

Figure 4: Typical open pond Figure 5: Typical photobioreactor.

Other profitable algae growing operations include “Nutraceuticals™ and food for fish
farms. Algae as a biofuel, however, have problems with space and water requirements.
There are two common design platforms, open ponds and photo bioreactors as shown in
figures 4 and 5. Open ponds are cheap, but have poor performance. Photobioreactors
(PBR) have higher performance, but are costly. Companies like Seacaps," Transglobal
oil," and Solix" have tackled the first hurdle, cost, by using lightweight plastic film in
their bioreactors. The next hurdle is that the best place to build PBRs is where there is a
lot of sun. These places are also HOT and in these places water is scarce. The best way to
manage the heat is to immerse the PBR in a pond. But replacing the evaporated water
from the pond becomes an issue. Our solution is to completely cover the pond surface
with floating tubes. This minimizes evaporation and optimizes the use of the lightweight
plastic. Now we have a chronic heat problem. Evaporation is one of the easiest ways to
dispose of excess heat, but in a closed system, this mechanism is not available. The best
way to take advantage of sun for the most hours, but only use the optimum amount of
radiation to grow algae is to block the light over most of the algae. We cover our tubes
with inexpensive Mylar chords, and produce an optimal growing environment for our
algae. At the same time, if we change the angle of the Mylar in each tube, we can bounce
the excess radiation onto a solar collector and develop enough heat to boil water and
generate electricity.

This Concentrated Solar Power (CSP) idea is not new. Four main configurations are
Linear Fresnel Reflectors from Ausra," the Parabolic Trough from Sunray Energy,” the
Stirling Dish from Stirling Energy Systems,"" and the Power Tower from eSolar.” The
prohibitive cost of CSP, currently at $4 to $5 per Watt installed, is keeping it from wide
adaptation and commercialization . In comparison, Solar Photovoltaics (PV) are down to
$2 per Watt with subsidies.™ The building materials in all of the above configurations are
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glass and steel, which contributes $2/Watt of that cost.® Our project reduces that cost
down to $.20/Watt since our building materials are dirt, water, air, plastic, and Mylar.

Parabolic Trough — Sunray Energy,
Inc.

Stirling Dish — Stirfling Energy Systems Power Tower — eSolar

Figure 6: Concentrated Solar Power — four main configurations

Melinda Keller has been a part time lecturer in the Mechanical, Civil, and Aerospace
Departments at Cal Poly since 1998. She is currently working on her PhD in
Thermo/Fluid Dynamics and moving to a tenure track position in the Mechanical
Engineering Department. She wishes to establish herself in the field of renewable energy
and hopes to collaborate with professors across CENG and support the international
certificate programs currently in development.

Eric Matthys is Melinda Keller’s PhD Advisor at University of California at Santa
Barbara. His main research areas involve non-Newtonian fluid mechanics and heat
transfer, with experimental investigations in biological fluids, such as natural marine
polymers among others. Studies on implementation of drag-reducing fluids in industrial
applications such as HVAC or fluid transport also have included biological elements.

Combined Power Cooperative (CPC) is an independent, privately backed, research and
development cooperative with the goals of developing economically competitive
alternatives to fossil fuels and to establish and promote a cooperative venture initiation
model for high tech ventures.

We hope that the application of this work will bring people to Cal Poly to learn about our
project and has the potential to attract future funding. Dr. Matthys, CPC, and Ms. Keller
were awarded $1,000,000 through PIER to sustain work on this project, and are very
thankful for this seed money that got us started.
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4. Discussion of Results

This portion of the project established a pond with floating tubes at Cal Poly. The project
goals were divided by quarters to facilitate participation by senior project students. We
spent Fall Quarter 2010 securing a location and finalizing the design on the pond. Winter
Quarter 2011 we started a senior project group with the goal of sizing and instrumenting
the pond. Design was completed Winter Quarter and the pond was built Spring and
Summer Quarters. Instrumentation began over summer 2011. During Fall, 2011 we were
able to propose a second senior project team to start collecting thermal data to optimize
the power cycle. This team PolyPond just presented their senior project at an expo
11/27/12 with satistying results in collecting thermal and pressure data for air and water.
We were also able to introduce thermophilic algae to the system and begin our research
in biomass cultivation and clean water collection. This senior project will conclude in
June 2013.

As a stretch goal, we’ve also started a senior project team investigating using the power
generated by our system to run a Stirling engine that can use either the biofuels produced,
the steam generator or be modified to use a more generic gasoline or fuel.

Fall Quarter 2010:

We worked with Dennis Elliot, Assistant Director of Sustainability, Energy & Ultilities at
Cal Poly and Fred DePiero, Associate Dean of Academic Programs for the College of
Engineering to find an appropriate location for the pond. Our pond is located at Cal Poly
building 197, in the Bonderson Yard

We determined building requirements, constraints, and specifications by working with
our industry partner, Combined Power Cooperative (CPC). While doing this, our length
changed from the proposed 6 meters to a more useful 10 meters. We increased the depth
from 20 cm to | meter.

Winter 2011:

We submitted a senior project proposal for three mechanical engineering students to
begin winter quarter. The first quarter of senior project is generally “Design.” These
students designed the control system, machine requirements, and instrumentation setup
for the pond. CPC has an experimental pond of its own set up in Santee, CA and was able
to contribute guidance for the senior project students.

The machine requirements have to do with cooling our system. Students performed pump
and fan analysis to choose appropriate flow rates for the thermal cycle. Students also
designed a plenum system and had to investigate many health and safety codes.

Thermal modeling and prediction of the pond temperature over time will be a continuing
project and we have been collecting thermal throughout the process. Setting up thermal
processors and a data acquisition system and storage database has been a project for a
mechanical engineering master’s student.
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Spring 2011:

The second quarter of senior project is typically “Build.” With plans in place for the pond
and its subsystems, we used both Spring and Summer quarters to realize the design. We
also traveled to Santee to visit CPC, our industry partner and compared our pond to their
setup. We took special note of differences in pond behavior due to climate changes
between the two ponds.

Fall 2011:

The third quarter of senior project is reserved for “Test.” We established baseline
conditions for our pond and subsystems and began collecting data. We checked our flow
rates and thermal predictions to make sure they match each other. We ascertained that our
flow rates and control systems behave as designcd. This involved a lot of error checking
and modifying the pond by the PolyPond team who took over for the Extreme
Exchangers at this time. We have established a solid baseline for system behavior and we
are now starting our optimization of each tier: Dry Cooling, Biomass Growth, and
Potable Water Production.

5. Future Work Planned

Currently, in our project wc are able measure air flow and water flow properties for the
heat exchanger. The boiler has yet to be installed, though we anticipate installation
within the next three weeks at which point our design can be used quantify the heat
exchanger system.

Next steps involve integrating the next two senior projects: introduction of thermophilic
algae to the tubes, with a senior project team scheduled to start Winter quarter 2013; and
combining our project with the Stirling Engine team, in progress and due to complete in
June 2013.

Work will continue with testing and verification of the entire thermal model over the next
year, culminating in Ms. Keller’s PhD dissertation and perhaps continuing to support
senior project and master’s work in heat transfer, algae growth, and alternative energy
applications beyond 2014.
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1. Abstract

In this California Central Coast Research Partnership (C*RP) funded project, sensors and
a control system have been installed onto the 3 kW capacity wind turbine of the Cal Poly
Wind Power Research Center, which is overseen by Professor Patrick Lemieux of Cal
Poly Mechanical Engineering. With the installation of the control system, the turbine has
been brought to full operation. This wind turbine is used to educate students for careers
in the wind energy industry and related professional fields and to conduct research into
the application of advanced wind turbine technologies from large turbines onto small tur-
bines. In this project, a control system has been implemented which controls the turbine's
operating speed, power output, and yaw (pointing) direction. Several Masters theses,
Senior projects, and undergraduate class projects have been undertaken in the course of
this project. Ongoing work includes the design and implementation of more sophisti-
cated control systems than the system which is currently operating, and the design of
electrical energy management systems which will allow the power output of the turbine
to be used to charge a battery and pump water for use in Cal Poly College of Agriculture
work. Preparations have been made to deploy a network of wind speed and direction
sensors at numerous locations near the Cal Poly campus in order to verify computer
models which show that the installation of large utility-grade wind turbines in the area
may be viable. Work undertaken during the next several years using the wind turbine and
associated sensors will lead to a substantial number of technical publications.

2. Project significance

Due to the environmental and political costs of our dependence on fossil fuels, sustain-
able energy production is an area of growing importance to the competitiveness and
security of the United States. There has been long-term growth in the wind energy sec-
tor; although the short-term trend since 2011 has seen a decrease in the rate of expansion
of the US wind energy industry due to expiring production tax credits and a natural gas
glut, installed wind energy capacity has continued to increase'. Most energy production
industries are typically cyclic, and it can reasonably be expected that the domestic wind
energy industry will once again see improved prospects within the next few years. The
need for clean, domestically produced energy and well educated engineers to contribute
to its production is not going away. Wind power can also serve a useful purpose in
generation at remote sites. We therefore consider it wise for Cal Poly to build and
maintain an active, long-term program of teaching and research involving wind power.

The technology of large, horizontal-axis utility-scale wind turbines, which typically have
capacities of 750kW and higher and sit atop 50 — 80 m high towers, is well developed and
utilizes state-of-the-art technology for monitoring, control and power conversion. Such
technology has, however, not been adapted in most small-scale (less than 100kW capa-
city) wind turbines’. Most small wind turbine manufacturers must optimize the initial
purchase cost of their machines, generally at the expense of energy capture efficiency and
reliability, and this increases the cost of energy production using such machines. An
opportunity exists for research into the application of large wind turbine technology into

small wind turbine design, and Cal Poly is well suited to engage in such research. Cal
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Poly owns reasonably large tracts of land with good winds for turbine testing; our faculty
and students, from many departments and colleges across campus, are keen to implement
our Learn by Doing philosophy through applied research, and the generous support of
C’RP and other organizations has supplied sufficient seed funding to develop the
facilities needed for small wind turbine research.

The educational opportunities of our small-scale wind power projects are extensive. The
Cal Poly Wind Power Research Center has been created through a collaboration between
the Colleges of Agriculture and Engineering. The capture and distribution of wind
energy is an inherently multidisciplinary activity involving mechanical engineering,
electrical and computer engineering, materials science, manufacturing, and of course
many aspects of business development. Student projects to date have involved under-
graduate and graduate students from mechanical, electrical, and computer engineering,
and with the major pieces of the wind power center in place, many more projects invol-
ving Cal Poly students will be undertaken, preparing these students for careers in many
engineering fields as well as other fields of great interest to US industry involving for
example energy, aerospace, and transportation. The Cal Poly wind turbine has already
had a positive impact on several courses:

e ME 507, Mechanical Control Design — Students designed, built, programmed, and
tested circuits such as those shown in Figurcs 2 and 8

e ME 415, Energy Conversion — Turbine used as example system for study

e  ME 329, Design Il — Turbine components analyzed by machine design students

e ME 410, Mechanical Measurements — Student projects to measure and model
blade vibrations; custom data acquisition systems designed for wind power use
applied to many other student projccts in this course

e ME 428/429/430, Senior Project — Senior projects

Collaborations havc previously been carried out with faculty and students in Civil Engi-
neering to design the tower foundation; students of Electrical Engineering are beginning
work on an improved electrical power management system for the turbine; and a
Mechanical Engineering senior project team is currently working with the College of
Agriculture to implement a water pumping system using energy generated by the turbine.
We plan to continue to increase the multidisciplinary involvement of this wind power
project in the future.

The project which has been done under the current C’RP grant brings benefits in several
areas of relevance to ONR. In promoting progress in renewable energy generation, the
project helps move the United States towards independence from foreign energy sources.
The use of inexpensive but highly capable monitoring and control systems in small
energy generation facilities promises to make the logistics associated with remote, renew-
able energy generation more palatable, reducing the stress on supply chains to provide
fuel. Research and education in applications of inexpensive wireless control and moni-
toring are highly relevant to command, surveillance, and security applications.
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3. Background/prior work

The Cal Poly Wind Power Research Center field site at Escuela Ranch has been in
development since 2008. Ongoing support from C’RP has been instrumental in
successfully bringing about the reality of a wind power research facility.

A previous C’RP grant (52219), which was active from Winter 2009 through Spring 201 |
with Professor Patrick Lemieux of Cal Poly Mechanical Engineering as the Principal
Investigator, supported the following work:

Upgrading of wind resource measurement towers at Cal Poly's Escuela Ranch, a
roughly 2000 acre facility located approximately 5 miles Northwest of the main
Cal Poly campus. Administered by the College of Agriculture, Escuela Ranch is
in an area of open space which experiences reliably good wind for the testing of
wind turbines, and it is located far enough away from built-up areas that the pres-
ence of an operating small wind turbine does not disturb or endanger the public.
Measurement of the wind resource at the Escuel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>